Physician practice consolidation could promote higher-quality care but may also create greater economic market power that could lead to higher prices for physician services.
changes may be beneficial if larger practices with more resources are better able to coordinate care, adopt process improvements, increase use of information technology, or take other actions that improve quality of care. [4] [5] [6] [7] At the same time, a trend toward fewer and larger groups could increase what economists refer to as "market concentration," resulting in fewer practices facing less competition and with greater economic power. This in turn could lead health plans to pay higher prices for physician services. 8, 9 A number of studies document that hospitals and health insurance companies with more market power do receive higher prices for their services. 8 However, there is little evidence on the relationship between competition and prices paid for physician services, with studies limited to cardiology and orthopedics 10 and physicians in California.
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Additional evidence on the relationship between physician practice competition and prices paid for physician services would shed light on how recent changes in physician organization have affected health care spending and help guide policy toward competition in health care markets. 12 It may also help identify the sources of the wide variations observed across areas in prices paid to physicians for similar services. [13] [14] [15] We performed a study to assess the relationship between physician competition and prices paid by private preferred provider organizations (PPOs) for 10 types of office visits to physicians in 10 prominent specialties.
Methods

Prices Paid for Office Visits
We used data on prices paid to physicians from the Truven Analytics MarketScan Commercial Claims and Encounters database for 2010. 16 This database contains information from adjudicated and paid claims filed for the care of more than 49 million privately insured individuals with employment-based insurance through a participating employer. Although the database disproportionately draws from the South, it includes claims from many insurers, has very wide overall geographic coverage, and has been frequently used in analyses of health care payments and spending. 15, [17] [18] [19] [20] We studied prices paid for office visits with new patients (Current Procedural Terminology [CPT] codes 99201-99205) and established patients (CPT codes 99211-99215). These 10 evaluation and management codes are among the most commonly billed in the United States and accounted for 25% of claims and 23% of payments by PPOs in the database. Codes 99201-99205 include all office visits for new patients not previously seen by the same physician. The 5 included services are intended to span the range of intensity across office visits from code 99201, a "basic" office visit with minimal patient complexity and a short duration, to code 99205, an "advanced" office visit with a high degree of complexity and a long duration. The range 99211-99215 similarly captures the range of office visits for established patients, who have been previously seen by the physician. We included only payments from health plans identified as PPOs that paid physicians on a feefor-service basis. We studied the amount the plan agreed to pay the physician for the service after the application of contractual discount provisions and other plan rules, commonly called the "allowed amount." We refer to this as the "price" for the service. The physician may have received this partly from the insurer and partly from the patient in the form of applicable co-payments or deductibles.
We compiled prices paid to physicians in 10 large, clinically diverse specialties that generate large numbers of office visit claims: internal medicine, family practice, cardiology, dermatology, gastroenterology, neurology, general surgery, orthopedics, urology, and otolaryngology. In addition to internal medicine and family practice, this set includes the 4 largest medical and the 4 largest surgical subspecialties in the database. We were unable to include pediatrics and obstetrics/ gynecology because our practice competition measures are derived from Medicare data, in which these specialties are incompletely represented.
For each CPT code, for each US county, for each specialty, we obtained the number of claims and mean price paid to physicians reporting a practice location in the county. Claims were included if the patient was younger than 65 years, the provider of the billed service was identified as an in-network physician, the reported place of service was a physician office, and the claim was for professional services (as opposed to facility charges). A small number of claims with prices more than 100 times or less than 0.01 times the national mean for the given CPT code were excluded as outliers.
For some analyses, we aggregated the 10 CPT codes into a specialty-specific county price index for office visits. The index is the amount paid in the county for the 10 CPT codes divided by the amount that would have been paid had the claims from county physicians been paid at the specialty-specific national mean price for each CPT code. An index above 1 indicates a county where mean office visit prices paid exceeded the national mean, and vice versa (see the eAppendix in the Supplement for further detail).
Physician Practice Competition
Physician negotiations with health plans over prices paid in a given year usually take place in the year prior, if not earlier; therefore, we linked the price measures to practice competition measures from the preceding year. Because the MarketScan data do not contain enough information to measure competition, we derived our competition measures from Medicare claims filed by physicians for the care of a 20% random sample of traditional Medicare enrollees. Medicare claims reflect care delivered by a very large share of active physicians, and the set of physicians who billed traditional Medicare should substantially overlap with the set of physicians who could have provided services to private PPO patients. Each Medicare claim reports the tax identification number (tax ID) of the physician's practice, the physician's specialty, the physician's practice zip code, and the patient's residence zip code. a group of physicians reporting the same specialty who billed under the same tax ID. Physicians who use the same tax ID are part of the same financially integrated organization. Many financially integrated organizations use the same tax ID for all physicians in their organization, but it is permissible for the same organization to use multiple tax IDs. Because physicians practicing together in financially integrated organizations may legally bargain jointly over fee-for-service prices, 26 this is an appropriate practice definition for our study. Other non-financially integrated organizations, like independent practice associations, which do not use common tax IDs, would not be identified by this approach, but these types of organizations may not normally bargain jointly over fee-for-service payments. 27 We used a standard economic competition measure, the Hirschman-Herfindahl Index (HHI). 28 The HHI is the sum of the squared market shares of practices serving a market multiplied by 10 000. Markets served by a large number of practices, each with a small market share, will have a low HHI, signaling a more competitive market. ) × 10 000 = 5200. The HHI reaches its maximum of 10 000 in a monopoly market, served by a single practice.
The HHI is widely used in analyses of competition. 29 An attractive feature of the HHI is that it has proven useful for analyzing many industries of differing sizes and is suitable for studying physicians in different specialties and markets. The HHI is a primary tool used by the Federal Trade Commission (FTC) and Department of Justice (DOJ) to evaluate mergers and assess the public policy implic ations of changes in competition. 27, 28 Adapting methods developed for hospitals 30 and incorporating the FTC and DOJ recommendations for measuring competition for accountable care organizations, 23 we constructed a specialty-specific HHI for each practice. We first identified the zip codes from which the practice drew patients. We then calculated an HHI for each zip code based on the market shares of practices serving patients in the zip code and constructed a practice-level HHI as the mean of the zip code HHIs for each zip code in the practice's market. To match our county-level price data, we constructed county-level means of the HHIs of the practices of physicians located in each county (see the eAppendix in the Supplement for further detail and a discussion of validation exercises).
Statistical Analyses
We restricted our analysis to counties within Core Based Statistical Areas, defined by the Census Bureau as groups of counties tied to urban centers of 10 000 people or more. We further excluded county-specialty combinations with fewer than 5 underlying claims for CPT code 99213 office visits. We present results for 2 price measures: prices paid for intermediate office visits with established patients (CPT code 99213), the most commonly billed of the office visits we studied, and the office visit price index. We used ordinary least squares linear regression to examine the association between HHI and price measures. The main independent variable was the HHI, measured continuously. We estimated 3 versions of this model, varying the set of included control variables. In the first, we included no controls to observe the unadjusted relationship between prices and HHI. In the second, we included a set of controls designed to adjust for characteristics of counties that could influence prices, including county population, total number of physicians per population, number of physicians in the given specialty per population, number of short-term general hospitals and hospital beds per population, median household income, percentage of the population uninsured, percentage of the population older than 25 years who completed high school, percentage of the population older than 25 years who completed 4 or more years of college, percentage of the population enrolled in Medicare, and percentage eligible for Medicaid. We used the Medicare geographic practice cost indexes to control for practice costs.
Because the regression models controlled for the number of physicians per capita, the associations between HHI and prices we measure should be interpreted as reflecting changes in the ways physician practices are organized, statistically holding fixed the number of physicians. That is, they may be interpreted as showing, for a given number of physicians, how prices vary when those physicians are organized into larger rather than smaller practices.
In the third model, which adopted the most conservative approach, we included all of these variables as well as state fixed effects. The fixed effects capture characteristics of states that we did not observe but could have been correlated with competition and prices, though at the risk of causing us to underestimate the true strength of the association between HHI and prices.
We estimated the models separately for each of the 10 specialties to allow for variation in the association between competition and prices across specialties and report the estimated change in the price measure associated with a 1000-point increase in the HHI. We also present the implied difference in prices associated with being in the 90th-percentile HHI county compared with the 10th-percentile county, separately for each specialty. eTables 1 and 2 in the Supplement report results from sensitivity analyses, including considering nonlinear models of HHI, controlling for the presence of multispecialty groups, including a measure of the HHI of area PPOs, 31 and including claims for out-of-network services, all of which produced results consistent with those reported. Studying the relationship between changes in HHIs and changes in prices within counties over time could help control for unobservable county-level confounders. We con- To allow separate examination of associations between competition changes and price changes for areas that were initially more and less competitive, we divided counties using their 2002 HHI into initially more competitive (2002 HHI <2500) and less competitive (2002 HHI ≥2500) groups, based on the FTC and DOJ definition of "highly concentrated" markets. 27 We estimated an ordinary least squares regression, by specialty, in which the dependent variable was the 2003-2010 price measure change. The independent variables included an indicator for areas that were initially less competitive to measure differences in price change associated with the initial HHI. The independent variables also included a linear continuous measure of the change in the HHI interacted with the initial HHI level to measure the association between changes in HHI and changes in price separately for areas that were initially more and less competitive. The models also controlled for changes in the time-varying characteristics described above.
Throughout the analysis, we computed robust standard errors to account for variation in the number of claims underlying the dependent variables. Evaluations of statistical hypotheses were conducted using 2-sided tests. We considered results 
Results
A county-level observation was available for at least 1 specialty in 1058 of 1098 total US counties in Core Based Statistical Areas, representing all 50 states and the District of Columbia and 85% of the total US population in 2010. Many counties had a sufficient number of claims to support analysis for some but not all specialties, so the number of counties used in analysis varied across specialties from 611 in neurology to 1052 in family practice. The level of competition varied across specialties ( Table 1) . Family practice and internal medicine practices faced the most competition (mean practice HHIs of 2139 and 1744, respectively). More specialized fields tended to have higher HHIs, indicating less competition. There was considerable variation across counties within specialties. The mean practice HHI in the 90th-percentile county was typically 3 times higher than in the 10th-percentile county. Many counties had HHIs of 2500 or higher, the level at which the FTC and DOJ classify a market as highly concentrated.
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Mean prices for CPT code 99213 visits were similar across the 10 specialties, consistent with other work. 15 Within each specialty, prices varied noticeably across counties. The ratio of the 90th to 10th percentiles varied between 1.51 (family practice) and 1.68 (neurology). The office visit price index showed similar variation. Within specialties, the price index showed that 10th-percentile counties typically had prices 18% (family practice) to 23% (neurology) lower than the national mean, while the 90th-percentile counties had prices 23% (family practice) to 29% (neurology and otolaryngology) higher. Characteristics of counties with HHIs higher than the specialty median HHI and counties at or lower than the median are shown in Table 2 for 3 representative specialties. Counties Abbreviations: GPCI, geographic practice cost index; HHI, Hirschman-Herfindahl Index; IQR, interquartile range. a Some mean values fall outside the IQR because of a small number of observations at relatively high levels. The minimum to maximum ranges for work GPCI are as follows: for family practice, at or below median, 1.00 to 1.67, and above median, 1.00 to 1.67; for cardiology, at or below median, 1.00 to 1.08, and above median, 1.00 to 1.67; for orthopedics, at or below median, 1.00 to 1.67, and above median, 1.00 to 1.67.
where the mean practice HHI was higher than the median had smaller populations than areas with lower HHIs and tended to have more physicians and hospitals per capita, perhaps owing to their smaller population. Higher-HHI counties also tended to have moderately lower income and educational attainment, uninsurance rates, and geographic practice cost index levels. In unadjusted regression analysis and after adjusting for county characteristics, mean payments for office visits were lower in areas with more competition (Table 3) . Complete results of the regression analyses are available in eTable 3 in the Supplement. After adjustment, a 1000-point-higher HHI was associated with statistically significantly higher CPT code 99213 visit prices in all 10 specialties, ranging from $1.41 (urology; 95% CI, $0.70-$2.12) to $4.69 (internal medicine, 95% CI, $3.76-$5.62). The results for the price index are similar. After adjustment, a 1000-point-higher HHI was associated with values of the index between 0.020 (urology; 95% CI, 0.010-0.029) and 0.065 (internal medicine; 95% CI, 0.052-0.077) higher. This can be interpreted as indicating prices between 2.0% and 6.5% higher, relative to national mean prices.
Across these 10 specialties, the 90th-percentile county's HHI was approximately 2500 to 4500 points higher than the 10th-percentile county's HHI. Based on the estimates shown in Table 3 and the HHI data shown in Table 1 , overall mean office visit prices were between 8.3% (orthopedics; 95% CI, 5.0%-11.6%) and 16.1% (internal medicine; 95% CI, 12.8%-19.5%) higher in the 90th-percentile HHI county relative to the 10th-percentile county.
In the third regression model ( Table 4) , inclusion of state fixed effects reduced the magnitude of the association in all specialties, but a statistically significant association was still observed in 8 of the 10 specialties for both the CPT code 99213 price and the price index.
The preceding analyses focused on cross-sectional variation in 2010. Analyses of 2003-2010 changes in prices paid are reported in Table 5 for counties for which sufficient data were available in both 2003 and 2010. Complete results of the regression analyses are available in eTable 4 in the Supplement. Two principal patterns are evident. First, prices increased more in areas that were initially less competitive than in those that were more competitive. For example, for CPT code 99213 visits for internal medicine, the change in prices between 2003 and 2010 was $4.64 greater for initially less competitive areas (95% CI, $2.49-$6.80; P < .001). Second, in some specialties, areas that were initially more competitive had increases in price when they became less competitive, but areas that were initially less competitive did not. For example, for CPT code 99213 visits for internal medicine, a 1000-point increase in HHI between 2003 and 2010 in an area that was initially more competitive was associated with a $2.33 increase in price (95% CI, $0.98-$3.69; P < .001), but there was no significant association in initially high-HHI areas. Table 2 . 95% CIs and P values for coefficients are based on robust standard errors. 95% CIs for implied 10th-to 90th-percentile differences were calculated using the bootstrap method. b P<.001 for all.
Discussion
Less competition among physician practices is statistically significantly associated with substantially higher prices paid by private PPOs to physicians in 10 large specialties for office visits. Across the 10 specialties we studied, estimates from our main model imply that the level of competition observed at the 90th percentile of the HHI distribution was associated with a price for an intermediate office visit with an established patient (CPT code 99213) between $5.85 and $11.67 higher than at the 10th percentile of the HHI distribution. Across all 10 types of office visits, this difference in HHI was associated with mean prices for office visits 8.3% to 16.1% higher. In our more conservative model, this difference in the HHI was associated with 3.5% to 5.4% higher mean prices. This is consistent with the hypothesis that greater market power allows physicians to bargain for higher prices from private insurance companies.
Examining changes in prices between 2003 and 2010, we found that prices increased more rapidly in areas where practices were initially less competitive than in other areas. In some specialties, declining competition was also associated with larger increases in prices in areas that were initially more competitive. This pattern suggests the possibility that the results we observe in 2010 may be related to the ability of practices in low-competition areas to negotiate larger price increases over time as well as related to changes in competition over time. This suggests that a lack of competition could have longlasting effects, continuing to drive future price increases even without further changes in HHI.
An association between competition and prices may have important implications for health policy, as pressures to increase practice size persist or even increase in the future. 12, 32 We saw substantial amounts of concentration in the markets we studied, which raises concerns about potentially harmful implications for consumers. 28 Higher health care spending due to increased prices paid to physicians without accompanying improvements in quality, satisfaction, or outcomes would generate inefficiency in the health care system. The United States spent nearly $250 billion on privately insured physician services in 2011, 33 so even small percentage increases could result in tens of billions of dollars in additional spending. We present results from models that included state fixed effects and models that did not. State fixed effects statistically control for all baseline characteristics of states. However, while fixed effects may helpfully control for potential confounders, they are also a blunt instrument that may "overcontrol," resulting in estimates of the relationship between competition and prices that are too conservative. This approach does not allow the estimated association between competition and prices to be influenced by differences in competition across states. If variation in competition across states were an important driver of prices paid, estimates that ex- Table 2 . 95% CIs and P values for coefficients are based on robust standard errors. 95% CIs for implied 10th-to 90th-percentile differences were calculated using the bootstrap method.
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cluded this variation from consideration could easily understate the true relationship.
Fully interpreting the implications of these results for the overall performance of the health care system requires additional information. If larger organizations systematically produce higher quality, higher prices may be justified. Larger organizations may also offer other advantages such as ease of contracting with health plans or the ability to adapt to evolving financial incentives. Even so, the association between higher prices and declining competition clearly points to the importance of gathering information and monitoring ongoing changes to mitigate potential harm to consumers.
The results of this study should be interpreted in light of several limitations. First, our primary results are derived from cross-sectional analyses, which precludes any determination of causality. It is possible that our results are confounded by characteristics of areas that are associated with both competition and prices paid but that we did not observe. We did take steps to control for a number of observable factors that could have confounded the results, but these are necessarily incomplete. A potentially important but difficult to observe confounder is the degree of competition between private insurers. Although available measures of PPO competition have significant flaws, 34 we performed sensitivity tests using one Table 2 . 95% CIs and P values are based on robust standard errors.
such measure and found that it did not significantly affect our conclusions (eTable 1 in the Supplement). Furthermore, to attempt to control for insurer competition and any other unobserved but relevant characteristics of states, we estimated models that included state fixed effects. That we found consistent results from these approaches increases our confidence that our main results are not due to unobserved differences across areas. Second, potential exists for reverse causality. It may be that prices influence the propensity to form larger physician organizations. We cannot rule this out, but we reasoned that physicians would be more likely to consolidate in response to low prices than to high prices, so the likely effect on our results would be to understate the true strength of the relationship between HHIs and prices.
Third, we studied prices paid by PPOs, which may not be representative of other types of plans. Our PPO data are drawn from the MarketScan database, a convenience sample of employer-provided insurance plans which, while large and geographically diverse, may not be representative of all private PPOs.
Fourth, our results rely on measures of competition derived using tax IDs to identify practices. There is reason to believe that this approach characterizes variations in practice structures with sufficient accuracy to generate useful results. However, practices can be complex entities that evolve over time, and any indicator of practice structure derived from broad-based data sources is bound to be imprecise for at least some practices. Using tax IDs may cause us to overestimate the amount of competition in some situations. When practices consolidate, there may be circumstances in which they prefer to adopt a single unified tax ID and other circumstances in which they prefer to retain separate tax IDs. When hospitals acquire practices, in some cases all acquired practices adopt the tax ID of the acquiring institution, but not always. In these cases, retaining separate tax IDs would cause us to treat practices as competitors when in fact they may not be. We cannot rule out the possibility that misestimation of the level of competition has affected our estimates, and we cannot determine the direction of any resulting bias, but we were able to conduct some validation exercises and robustness checks that are consistent with the usefulness of the results we present.
Conclusions
Study findings show that less competition between physicians is related to higher prices paid to physicians by private PPOs for common office visits. These results may inform the development or adaptation of policies that influence practice competition.
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